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SUMMARY

In this deliverable the work carried out in Task 3.3 of the LeMesurier project is summarized. This work
analysed the interactions between six Generic Objectives identified for the 2ZERO Partnership: Carbon
Neutrality (CN), Air Quality & Health (AQ), Technology Leadership (TL), Economic Growth (EG),
European Competitiveness (EC) and Circular Economy (CE).

The analysis built upon the work initiated in collaborative workshops, where each partner acted as a
lead for one of the Generic Objectives. These workshops provided a shared understanding of the
multiple interdependencies across objectives and resulted in the construction of a formal interaction
matrix between the Generic Objectives, ensuring consistent classification of synergies, trade-offs and
rebound effects. The matrix served as the foundation for interaction graphs, which offer a systematic
visualisation of the Generic Objective links and highlight key leverage points for policy and research.

The results confirm that strong synergies dominate the system, particularly between Carbon Neutrality,
Air Quality & Health, and Technology Leadership. Actions supporting the deployment of zero-emission
vehicles and renewable energy directly improve air quality and health outcomes, while also stimulating
technological innovation and industrial leadership. The Circular Economy also emerges as a key cross-
cutting enabler, fostering resource efficiency, reducing upstream emissions and enhancing resilience in
critical material supply chains.

Conversely, several trade-offs and tensions have been identified. The electrification of transport
increases demand for critical raw materials, potentially affecting European Competitiveness and
creating new environmental pressures outside the EU. Economic growth and competitiveness can
support innovation and clean-technology investments but may also amplify energy demand, traffic
volumes and material use, if not managed within a consistent policy framework. In several cases,
rebound effects, such as increased vehicle ownership or higher travel activity, may partially offset
environmental benefits.

A complementary, model-based assessment using COPERT/SIBYL, PRIMES/TREMOVE and MOVEID
was conducted to verify the findings above. The models provided valuable qualitative validation,
confirming the plausibility of most interactions, especially between CN, AQ and CE. However, none of
the models was used for a quantitative appraisal of the weight or direction of the interactions. The
results, therefore, remain qualitative, combining expert knowledge, empirical evidence from literature
and model-based reasoning.

Overall, the analysis highlights that achieving the Generic Objectives requires a coordinated and cross-
sectoral approach, integrating technological innovation, resource efficiency and socio-economic
resilience. Strengthening the links between the Circular Economy, Competitiveness and Carbon
Neutrality will be essential to mitigate trade-offs and ensure that gains in one dimension do not come at
the expense of another.



1.INTRODUCTION

The 2ZERO Partnership aims to play a pivotal role in the success of the European Green Deal by
enabling Europe to advance towards a climate-neutral road transport system. The Partnership supports
the development of zero tailpipe emission, affordable and user-centric solutions, encompassing
technologies and services for road-based mobility across Europe. In addition, it seeks to create
affordable and user-friendly charging infrastructure concepts and technologies that facilitate interaction
between vehicles and the grid. Another key aspect of the Partnership is to demonstrate innovative use
cases for the integration of zero tailpipe emission vehicles and infrastructure concepts. The Partnership
also supports the development of life-cycle analysis tools and the skills essential for the effective design,
assessment and deployment of innovative concepts in products and services within a circular economy
framework.

The 2ZERO Partnership KPIs are multiple and various, relating to the three-layer approach for the
Objectives of 2ZERO, as expressed in its Strategic Research and Innovation Agenda (SRIA) [5][6]. The
LeMesurier Coordination and Support Action (CSA) is determining a common framework for monitoring
these multiple and various KPlIs (including their sources, methods and reporting formats). Wherever
possible, the project will generate values for the KPIs and their expected variation for the coming
decade, based upon the results of the portfolio of projects being conducted within the Partnership and
the assessment of the potential impact that the results will have. The CSA will support the means of
identification and quantification of the interactions, impacts and effectiveness of the Partnership within
the road transport challenge. Furthermore, the CSA will provide recommendations for development and
analysis of the means of measurement and evaluation of the Partnership. Finally, the CSA will
disseminate and communicate its results to a wide range of stakeholders, throughout the road transport
sector but also across Member States and to the public in general, via a range of media and events.
The consortium undertaking LeMesurier represents many sectors of the road transport community from
multiple European countries: it is guided by a strong Advisory Board from a broad range of vehicle
manufacturers, suppliers, RTOs (Research and Technology Organisations), operators and
infrastructure providers, as well as technology partnerships, joint undertakings and other representative
organisations within Europe.

The LeMesurier project has six work packages. Work Packages 1 and 2 work on the evaluation of the
contribution of the 2ZERO Partnership and its individual projects towards achieving the Partnership’s
Objectives, i.e. the defined KPIs as set out in the SRIA. Work Package 3, on the other hand, analyses
and evaluates the overall contribution of the 2ZERO Partnership towards wider European goals which,
under the call Horizon CL5-2023-D5-01-05 (to which LeMesurier responds), are defined under six,
broad, strategic topics, here named “Generic Objectives” (see below for detailed definitions):

1. achieving carbon neutrality;
improving air quality pollution and health conditions;
contributing to and ensuring economic growth;
seeking and achieving technology leadership;
strengthening European competitiveness;
successfully integrating implementing circular economy principles.

okl wdN

The assessment planned under WP3 emphasizes the systemic and cross-sectoral nature of these
Generic Objectives, encompassing, therefore, not only technical aspects but also societal factors, such
as user acceptance during the road transport transition and economic considerations tied to various
industrial aspects of the sector. It is important to note that the impact of the Partnership on certain
Generic Objectives may be evident immediately or in the short term, while for others, such as economic
growth, competitiveness or technology leadership, the effects will take longer to become apparent, as
these involve processes that extend beyond the completion of individual projects. While some impacts
can be modelled through different scenarios, other can be only described. In those cases, the results of



LeMesurier will provide recommendations on methods and tools to enable more accurate assessments
beyond the project duration.

The analysis carried out in WP3 also considers the interactions between the Generic Objectives (Task
3.2). The final conclusions concerning the Generic Objectives, on the impact and effectiveness of
2ZERO in the European context, will be drawn from the assessment carried out in WP3 (Task 3.3). The
outputs will serve as part of the basis for the recommendations drawn in WP4.

The diagram below (Erreur ! Source du renvoi introuvable.) represents the interactions of the work
carried out in WP1, 2 and 3, and the different evaluation parameters.

I_ Generic Objectives _I <
2ZERO Partnership =
I Operational Objectives - KPls I <: wi;

Project
LeMesurier

Figure 1: Representation of the relationship between the work done with the 2ZERO KPIs in WP1 &
WP2 and the Generic Objectives in WP3.

1.2 Scope of D3.3

The scope of this deliverable (D3.3) is to present the evaluation of the interactions amongst the Generic
Objectives of the LeMesurier project, namely Carbon Neutrality, Air Quality, Technology Leadership,
Economic Growth, European Competitiveness and Circular Economy. These Objectives represent
critical aspects of the broader European policy agenda and are central to assessing the systemic
impacts and effectiveness of the 2ZERO Partnership. Building on the baseline information established
in D3.1 [1], insights from Work Packages 1 and 2 [2][3] are integrated in the work reported here to
identify and qualitatively assess the interdependencies and interactions between the Generic
Objectives. Key objectives include identifying potential rebound effects and analysing trade-offs that
may arise. Quantitative modelling (e.g., sensitivity analysis) from WP2 is also leveraged [4], as needed,
to enhance the assessment.

The assessment framework incorporates both existing and, where necessary, new indicators to ensure
a comprehensive evaluation of the Generic Objectives. The workshop conducted as part of this task
served as a platform for stakeholders to discuss and refine these interactions, especially in relation to
how the 2ZERO KPIs might influence or modify the relationships amongst the Generic Objectives. The
results of this work provide actionable insights into how the 2ZERO Partnership contributes to
overarching EU goals, ensuring that the Partnership’s KPlIs align with and advance systemic objectives
such as decarbonization, improved air quality, economic growth and circular economy integration. By
doing so, the work reported here aims to provide a robust framework for future evaluations and
recommendations for improving the assessment of European partnerships. The findings also inform
about the recommendations and methodologies for enhanced measurement and evaluation processes
to be presented in subsequent deliverables, specifically WP4.
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Structure of D3.3:

The structure of this deliverable is designed to provide a systematic and comprehensive evaluation of
the interactions between the Generic Objectives of the LeMesurier project. The document begins with
Section 1, which recalls the six Generic Objectives and their interconnections, setting the foundation for
the analysis. Following this, Section 2 explains the methodological framework, including the integration
of findings from Deliverable D3.1, stakeholder workshops and external references, as well as key tools
such as MOVEID for quantifying KPI impacts. Section 3 provides a detailed analysis of the interactions
between Generic Objectives and incorporates workshop findings. It explores interdependencies,
rebound effects and trade-offs for each Generic Objective, supported by insights from modelized
outcomes. Section 4 focuses on the impacts of 2ZERO KPIs on these interactions, emphasizing mixed-
technology scenarios and the role of net-zero liquid fuels (e.g. e-fuels) in decarbonization. Finally,
Section 5 presents conclusions and recommendations, summarizing key findings, workshop
contributions and model analysis. It also proposes actionable recommendations and additional KPIs to
capture emerging insights. Supporting data and references are included in the appendices to ensure
transparency and traceability of the analysis.

2. REMINDER OF THE SIX GENERIC OBJECTIVES

The Generic Objectives within the context of the LeMesurier project serve as guides to its research and
deliverables. These objectives encompass the critical aspects of Carbon Neutrality, Air Quality,
Technology Leadership, Economic Growth, European Competitiveness and the Circular Economy. The
Generic Objectives are aims addressing pressing environmental, economic and technological
challenges while aligning with broader European Union policies and goals. The Generic Objectives are
interconnected, meaning their interactions, synergies and potential trade-offs must be analysed to
ensure balanced and sustainable outcomes.

The assessment of these interactions emphasizes the Generic Objective’s systemic and cross-sectoral
nature, encompassing technical, societal (like user acceptance) and economic factors, including
industrial aspects. Whilst the impact of achieving some Generic Objectives may be immediate or short-
term, effects on economic growth, competitiveness and technology leadership are expected to become
apparent over a longer period.

To achieve its Objectives, the 2ZERO Partnership focuses on actions related to four main pillars [6]:

1. Vehicle technologies and vehicle propulsion solutions for Battery Electric Vehicles (BEV) and
Fuel Cell Electric Vehicles (FCEV). This includes designing efficient, low-cost and eco-
designed powertrain components, integrating battery systems and advancing lightweight
designs for zero-emission vehicles.

2. Integration of BEV into the energy system and related charging infrastructure. This pillar aims
to make charging ubiquitous, seamless and interoperable, implementing smart charging and
vehicle-to-grid (V2G) solutions to benefit both users and the energy grid.

3. Innovative concepts, solutions and services for the zero-tailpipe emission mobility of people
and goods. This focuses on user-centric models, operational frameworks and digital platforms,
such as Mobility-as-a-Service (MaaS), to accelerate the adoption and up-scaling of zero-
emission vehicles.

4. LCA (Life Cycle Assessment) approaches and circular economy aspects for sustainable and
innovative road mobility solutions. This pillar emphasizes holistic assessment of the ecological
footprint and integration of circular economy strategies (e.g., reuse, remanufacturing and
material recovery) into vehicle design and the entire value chain.

The 2ZERO Partnership acknowledges that successful outcomes will require additional activities outside
its direct responsibility, such as policies and regulations. However, by combining the four R&l pillars in
a system approach, the Partnership aims to maximize benefits and contribute significantly to the
European Green Deal.
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3. ASSESSING INTERACTIONS AMONGST 2ZERO
OBJECTIVES: METHODOLOGICAL APPROACH

The first step consisted of organizing collaborative workshops involving all partners responsible for each
of the Generic Objectives. Each partner acted as lead or reference for a specific Generic Objective:
IFPEN for Carbon Neutrality (CN); EMISIA for Air Quality & Health (AQ); Bosch for Technology
Leadership (TL); UEMI for Economic Growth (EG); VDI/VDE for European Competitiveness (EC); and
Fraunhofer (FHG) for Circular Economy (CE).

The objectives of these workshops were to:
o identify and discuss the interactions between the Generic Objectives; and
e characterize the nature of these interactions (synergy, trade-off, rebound effects etc.).

This participatory exercise enabled the collection of expert insights on the systemic interrelationships
between objectives, enriching the analysis through the diversity of perspectives brought by each partner.
One of the main outcomes of this exercise was the recognition of the need to visualize the interactions
more explicitly, which led to the development of dedicated interaction graphs. These graphs provide a
clear representation of the links between Generic Objectives and help identify the most critical nodes
within the system under study.

Building on the workshop results, a more formal and structured interaction matrix was then developed
to support the generation of the graphs. The matrix serves to:

e clearly distinguish and classify the different interactions identified;

e assign weights to each interaction, reflecting its relative importance and strength; and

¢ highlight the most significant relationships across the system.

In addition, the matrix ensures greater consistency in how links are characterized, both in terms of their
nature and their weight, across the different Generic Objectives. By providing a common analytical
framework for evaluating and comparing the interactions, it facilitates a coherent and balanced
assessment, avoiding discrepancies stemming from differing partner interpretations. Thus, the matrix
forms the basis for constructing the final interaction map, ensuring that the visualization is both
comprehensive and focused on the key interdependencies amongst the Generic Objectives.

The identification of interactions relied not only on the expertise and collective experience of the
partners, but also on a systematic review of scientific and technical literature referenced throughout this
deliverable. These bibliographic sources provided factual evidence and examples supporting the
potential links identified between objectives. The combined approach—mixing expert judgment and
literature-based reasoning—helped ensure that the interactions were both conceptually grounded and
empirically plausible.

Finally, a complementary analysis of the three vehicle parc models exploited within the LeMesurier
project (COPERT/SIBYL, PRIMES/TREMOVE and MOVEID) was conducted to further refine and
complete the identification of these interactions (see Section 4). However, while this model-based
assessment provided valuable qualitative insights and cross-validation, it was not used for a quantitative
appraisal of the weight or precise nature of the interactions between the Generic Objectives.

The experience gained from the 2ZERO projects also contributed to identifying plausible synergies and
trade-offs amongst objectives but did not provide sufficient quantitative evidence to substantiate them
directly. Further, dedicated studies — combining model-based sensitivity analyses, empirical datasets
and targeted case studies — would be required to validate and quantify these relationships, and to better
understand how they may evolve under different policy or technological scenarios.

12



4. ANALYSIS OF THE INTERACTIONS BETWEEN
THE GENERIC OBJECTIVES AND AN
EXPRESSION OF THE WORKSHOP FINDINGS

In Deliverable D3.3, the evaluation of how the Key Performance Indicators (KPIls) of the 2ZERO
Partnership influence the interactions between the Generic Objectives is specifically reported. The
evaluation included insights from stakeholder workshops and modelized outcomes, such as mixed-
technology scenarios improving GHG reduction and the role of net zero e-fuels in decarbonizing the
existing fleet. The LeMesurier project has established a framework for monitoring these KPIs to assess
the Partnership's impact and effectiveness.

As explained in the previous section, a structured interaction matrix was developed based on the
workshop outcomes to classify the identified relationships, assign a weight reflecting their relative
importance or strength, and ensure consistency across the different Generic Objectives. This matrix
formed the analytical foundation for constructing the so-called “lotus flower” interaction diagrams, which
are illustrated in this section for all Generic Objectives (Figures 1 to 6). In these diagrams, each Generic
Objective is represented as a node, while the connecting lines indicate both the type and intensity of
interaction:

e Green lines represent synergies (mutually reinforcing effects);

¢ Red lines indicate frade-offs (conflicting or competing effects); and

e Orange lines highlight rebound risks (unintended or indirect effects).
The thicker the line, the stronger the perceived interaction between the Objectives.

The interactions amongst the Generic Objectives of the LeMesurier framework are further clarified
through recent bibliographic studies, which provide valuable insights into the systemic nature of these
objectives. For example, the study on air quality and health effects emphasizes that renewable energy
significantly reduces air pollution-induced health burdens in indoor spaces, although gaps remain for
occupational and outdoor environments [7]. This highlights the need for tailored renewable energy
policies to address these disparities.

Additionally, the study on sustainable transport demonstrates the critical role of green taxes and
renewable energy in reducing emissions, with green taxes acting as short-term tools and infrastructure
investments as long-term solutions [8]. These findings align with the Generic Objective of achieving
carbon neutrality whilst addressing rebound effects such as increased travel demand.

In terms of technology leadership, the challenges of transitioning to sustainable electric vehicle (EV)
systems are underscored by difficulties in battery lifecycle management, recycling and equitable
infrastructure deployment [9, 10]. These challenges are further complicated by disparities in policy
frameworks across different economic contexts. Similarly, the study on environmental productivity
growth within European industries reveals that, while technological leaders influence environmental
outcomes, overall productivity has deteriorated, suggesting a need for innovation to achieve ecological
goals [11]. Another study critiques current climate technology and renewable energy practices,
indicating that these efforts alone may not suffice to meet sustainable development goals without
significant advancements in research and development [12].

13



Interactions between GOs — Focus on Carbon Neutrality
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Figure 2: Interactions between Generic Objectives — Focus on Carbon Neutrality

Economic growth and competitiveness are also intricately tied to these objectives. Studies show that
balancing stringent environmental policies with economic growth is critical, as exemplified by the easing
of emission regulations for combustion engine vehicles to support industrial transitions to EVs [13].
Furthermore, the circular economy plays a pivotal role in reducing dependency on critical raw materials,
as evidenced by analyses of EU efforts to achieve self-sufficiency through both primary extraction and
recycling initiatives [14]. This is complemented by the evolution of EU battery legislation, which
demonstrates how policy alignment can synergize economic and environmental objectives to foster
sustainable supply chains [10].

These bibliographic studies reinforce the LeMesurier project’s focus on integrated policy approaches
and stakeholder collaboration to navigate trade-offs and maximize synergies among the Generic
Objectives [5, 6]. These interactions are crucial for understanding the complex challenges and
opportunities in achieving a climate-neutral road transport system in Europe:
i.  Air Quality (via tailpipe emission reduction) improvements interact positively with Technology
Leadership (through innovation in propulsion).
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ii. Trade-offs between Economic Growth and Competitiveness can arise due to higher initial costs
and raw material constraints.

iii. Rebound Effect: increased efficiency may increase travel demand, offsetting emissions
reductions.

iv. ~Workshop Insight: net zero e-fuels compatible with ICEVs may avoid bans, support
decarbonisation but require supportive policy to avoid delaying the EV transition.

4.1.2 Technology Leadership: Transition to EV systems and
challenges in circular economy implementation.

Interactions between GOs — Focus on Technology Leadership
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Figure 3: Interactions between Generic Objectives — Focus on Technology Leadership

Technology Leadership (TL) is one of the six Generic Objectives assessed in the LeMesurier project,
aiming to address environmental, economic and technological challenges aligned with broader
European Union policies and goals. Achieving and maintaining Technology Leadership requires
significant Research and Development (R&D) funding, which is often justified through its contributions

15



to Economic Growth and Competitiveness. The 2ZERO Partnership explicitly aims to "accelerate R&D
and reduce risk" in key mobility technologies [15].

Historically, Europe has held a leading position in automotive engineering, being the largest private R&D
investor in Europe and contributing substantially to global automotive patents. The 2ZERO Partnership's
Strategic Research and Innovation Agenda (SRIA) aims to "ensure technology leadership supporting
economic growth and safeguarding jobs" across Europe. The transformation of the existing automotive
industry is risky, particularly as the market for new electric vehicle (EV) technology is not yet fully
prepared and EV prices are not competitive with traditional vehicles. It is uncertain, however, whether
current climate technologies and renewable energy practices alone will suffice to meet sustainable
development goals without significant further advancements in R&D.

Europe is heavily dependent on imports for critical raw materials (e.g., lithium, cobalt and rare earths)
essential for EVs, which poses risks to value chain resilience. While Europe excels in research, it "trails
in scaling key technologies [such as] EV batteries" compared to faster-moving global competitors like
the U.S. and China. Speed, cost reduction and market readiness are crucial for competitiveness, not
just innovation alone. Europe needs to close its digital technology gap and boost R&D in key areas such
as battery technology and vehicle software, where innovation is shifting towards electrification and
digitalization.

Europe is actively pursuing leadership in sustainable, high-performance battery technologies. The EU
Battery Regulation mandates carbon footprint disclosures, recycled content and ethical sourcing,
positioning European firms to potentially lead premium market segments. These interactions are crucial
for understanding the complex challenges and opportunities in achieving a technology leadership in
Europe:

i. Enabler for Carbon Neutrality and Circular Economy but may not directly impact Air Quality;

i. Requires R&D funding, often justified through Economic Growth and Competitiveness;

iii. Fragmented recycling industry is a barrier to CE benefits from tech innovations;

iv. Workshop: Identified need for coherent roadmaps to guide CE innovation.

In essence, Technology Leadership in the context of EV systems and Circular Economy is a multifaceted
challenge for Europe. While it offers significant synergistic benefits for decarbonization, air quality and
economic growth, it also demands substantial R&D investment, strategic management of supply chain
dependencies and overcoming the hurdles of fragmented industries and the rapid scaling of new
technologies.

4.1.3 European Competitiveness: A competitive Europe based on
Technological Leadership featuring Circular Economy principles and
supporting better Air Quality as well as Carbon Neutrality

The European Competitiveness (EC) objective is also more or less strongly interlinked with the other
five Generic Objectives by supporting synergies, but also by trade-offs and rebound risks:

Carbon Neutrality (CN)

The link between EC and CN is strongly reinforced by European political programmes and strategic
roadmaps that frame carbon neutrality as a central policy goal for research, innovation and economic
development [16][17]. This synergy implies that climate-oriented innovation can become a driver of
competitiveness, particularly when low-carbon technologies such as electric vehicles (EVs) integrate
advanced features that strengthen their Unique Selling Proposition (USP) [18].

However, achieving CN often entails higher costs for renewable energy and substantial upfront
investments, which may reduce competitiveness in the short term before long-term benefits materialize
[19]. Such trade-offs must be managed through policy stability and coordinated industrial planning.
Rebound effects may also emerge as technological innovations improve vehicle performance and
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affordability, total energy demand and mileage can rise, particularly if the energy mix remains carbon
intensive [20]. Furthermore, if operating costs decline, EV users may travel more frequently or farther,
offsetting emission reductions; savings from EV use could also stimulate consumption of other energy-
intensive goods and services, indirectly increasing emissions [21].

Interactions between GOs — Focus on European Competitiveness

m— Synergy
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Figure 4: Interactions between Generic Objectives — Focus on European Competitiveness

Air Quality and Health (AQ)

As with CN, the competitiveness of the European EV industry supports AQ and health objectives through
emission reductions and the promotion of clean mobility [22][23]. The development of high-quality, low-
emission European products can serve both as a USP and as a policy instrument to improve public
health and productivity. Nevertheless, trade-offs exist. Air pollution remains a determinant of labour
productivity losses, especially in high-density industrial regions [24].

Increased EV adoption may also lead to new environmental pressures. Because EVs are typically

heavier than ICE vehicles, non-exhaust particulate emissions from tyre and road wear may increase
[25]. If electricity production or battery manufacturing is not entirely decarbonised, pollution could be

17



displaced from cities to power-generation or resource-extraction areas [25][26]. Hence, competitiveness
in electromobility must integrate a life-cycle perspective on air quality impacts.

Technology Leadership (TL)

EC and TL are fundamentally interdependent. Technology leadership enables European companies to
maintain market advantages through innovation and efficiency gains, while competitiveness ensures the
commercial success of those innovations [27]. The transition to sustainable mobility requires substantial
investment in R&D, pilot production and infrastructure deployment. This creates a short-term trade-off
between high upfront costs and the delayed profitability of innovations [28].

Transforming the existing automotive sector remains a major challenge: the shift to EV production
entails risks if markets, charging networks or consumer acceptance are not yet mature [29][230]. High
vehicle costs and the gradual phasing out of tax incentives may weaken demand in the early stages.
Moreover, as EVs become more affordable, rebound effects may appear — cheaper vehicles to
encourage more travel, increased logistics activity and urban sprawl [30]. Balancing innovation-driven
competitiveness with sustainability goals requires long-term industrial strategies and investment
continuity.

Circular Economy (CE)

Integrating circular economy principles into EV design and manufacturing significantly strengthens EC
by reducing dependency on imported materials and lowering production costs [31]. However, increased
demand for EVs also puts pressure on resource supply, calling for new recycling capacities and resilient
supply chains [32][33][34].

Circular design approaches that emphasize durability, repairability and recyclability may initially increase
costs or affect vehicle performance, creating short-term competitiveness challenges. Yet, in the long
run, they enhance resource security and cost stability. The adoption of advanced recycling technologies
and digital tracking tools can also create new markets and employment opportunities, partially offsetting
initial trade-offs.

Still, rebound effects remain possible: lower material costs or more efficient recycling may reduce prices
and stimulate overall vehicle production and use, thereby increasing total resource consumption.
Effective governance and eco-design standards are, therefore, essential to align CE measures with
competitiveness and sustainability objectives.

Economic Growth (EG)

Investments that build upon research results and innovations emerging from EU-funded projects are
key to both competitiveness and long-term economic growth [35][36][37]. Continued investment beyond
project completion enhances the commercialisation of technologies, supporting both GDP expansion
and industrial resilience.

Nevertheless, the high R&D expenditures required to maintain Europe’s technological leadership can
slow consumer uptake, especially when products remain expensive relative to global competitors. This
creates a structural trade-off between maintaining strong innovation capacity and ensuring market
affordability. Coordinated fiscal and industrial policies — including targeted subsidies and harmonised
regulation — are essential to accelerate innovation diffusion while maintaining economic efficiency.

Finally, sustained competitiveness depends on a stable regulatory and geopolitical environment.
Cooperation with non-EU suppliers may foster short-term growth but can expose European industries
to vulnerabilities in critical supply chains. To ensure long-term competitiveness and growth, policies
must promote strategic autonomy, policy alignment, and cross-sectoral innovation frameworks.

18



4.1.4 Economic Growth: Innovation, competitiveness and balanced
transition dynamics.

Economic Growth has a wide range of interactions with all other Generic Objectives. The following
sections outline some of the

Technology Leadership

Economic Growth and Technological Leadership in zero-emission transport are mutually reinforcing. A
strong economy funds R&D in advanced batteries, powertrains and software, ensuring Europe’s
competitive edge, while breakthroughs in clean technology generate skilled jobs and boosts GDP [38].
Yet, Technology Leadership demands large upfront investments in research, infrastructure and skills,
which may slow short-term growth. Failed technological bets or uneven regional benefits can also strain
resources. To sustain both innovation and prosperity, market adoption and public support must balance
risk and return. Rapid growth may further trigger rebound effects: expanding production and cheaper
EVs can raise overall energy use or delay simpler efficiency measures [39].

Interactions between GOs — Focus on Economic Growth
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Figure 5: Interactions between Generic Objectives — Focus on Economic Growth
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European Competitiveness

Economic growth and competitiveness are tightly linked in the green industrial transition. A robust
European EV and battery ecosystem attracts investment, drives exports and supports millions of new
“green collar” jobs, directly coupling climate ambition with industrial growth. Strengthening supply chains
and workforce skills enhances resilience and GDP alike. However, competitiveness pressures can
create trade-offs: heavy upfront costs in gigafactories or training can weaken short-term profits, and
competition with lower-cost regions may tempt policymakers to relax standards [40]. To prevent carbon
leakage and protect long-term competitiveness, incentives for local clean production and transitional
support are essential. Rebound effects may also appear if lower costs spur higher vehicle output and
energy use, offsetting climate gains.

Carbon Neutrality

Pursuing carbon neutrality can be a major growth engine when approached as a green-industry
opportunity. Decarbonising transport through EVs, hydrogen and renewables opens new markets, jobs
and value chains, boosting GDP [41]. Yet ambitious emission-reduction measures — carbon pricing,
subsidies, electrification — can increase costs and disrupt existing sectors in the short term. Unbalanced
policies risk either slowing growth or weakening climate ambition. To manage this, phased investments,
retraining programmes, and adaptive regulation are needed to sustain both industrial resilience and
decarbonisation. Rebound effects may arise as cheaper clean transport encourages more travel and
energy demand; integrated planning of energy supply and mobility is vital to prevent emissions from
shifting upstream.

Air Quality & Health

Clean transport enhances productivity and reduces public-health costs, supporting economic growth.
Lower pollution could raise EU output by tens of billions annually [42]. However, without strict standards,
industrial expansion or heavier EVs may increase non-exhaust emissions and shift pollution
geographically. Sustainable growth, therefore, requires that industrial policies include air-quality
safeguards and clean-technology deployment throughout the supply chain.

Circular Economy

Embedding circular-economy principles in transport can decouple growth from resource use. Vehicle
and battery reuse, recycling and remanufacturing reduce costs and import dependency while creating
high-quality local jobs. Yet circularity involves trade-offs: redesigning products raises upfront costs and
alters business models. Without policy incentives, efficiency gains may even trigger rebound effects,
with cheaper recycled materials driving greater production and consumption. Long-term
competitiveness depends on coupling circular strategies with demand management and innovation in
repair and recycling industries.

The Circular Economy (CE) forms a cornerstone of the 2ZERO Partnership’s systemic approach to
sustainable mobility. It aims to decouple road transport growth from resource consumption and
environmental degradation by extending product lifetimes, promoting reuse and remanufacturing, and
substituting fossil-based materials with bio-based or low-carbon alternatives. CE supports Europe’s
transition toward carbon neutrality while enhancing industrial resilience and resource sovereignty.

As battery-electric and autonomous vehicles become mainstream, upstream (Scope 3) emissions from
materials and manufacturing are gaining importance. These vehicles require large quantities of high-
impact materials such as lithium, cobalt, manganese, rare earths, copper, aluminium and advanced
polymers. Many of these materials have carbon footprints up to ten times higher than conventional
components and are largely imported, generating strategic dependencies. Consequently, embedded
emissions from materials will represent a growing share of vehicle life-cycle footprints in the coming
decades. While electrification drives decarbonisation through 2030, progress beyond 2035 will depend
on reducing material- and process-related emissions through a consistent circular economy framework.
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Interactions between GOs — Focus on Circular Economy
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Figure 6: Interactions between Generic Objectives — Focus on Circular Economy
European Competitiveness

A well-implemented Circular Economy reinforces Europe’s global competitiveness by strengthening
resource sovereignty and reducing exposure to volatile import markets. Recycling alone could already
supply about 21 % of the EU’s copper and 45 % of its aluminium imports [43][44]. By retaining high-
value materials within Europe, CE limits vulnerability to global price fluctuations and fosters industrial
self-sufficiency. Moreover, automation and digitalisation of circular value chains generate high-quality
jobs, allowing Europe to maintain advanced design and production capacities at competitive costs.

However, establishing such circular systems requires new industrial ecosystems, significant investment
and longer development timelines. In the short term, these demands may increase costs and even
generate new dependencies on imported secondary materials. If not coordinated, the rapid redirection
of capital and labour toward CE could also weaken other sectors’ competitiveness. Thus, while CE
clearly supports long-term industrial strength, its implementation must be carefully balanced to prevent
short-term economic distortions.

Carbon Neutrality
Circularity represents a critical pillar of the EU’s decarbonisation strategy and is explicitly identified as a

key pathway towards Carbon Neutrality [45]. By extending the lifespan of products through reuse, repair
and remanufacturing, CE spreads embedded emissions over multiple life cycles and reduces the need
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for new carbon-intensive materials. These benefits, however, depend on the carbon intensity of the
supporting infrastructure. Large-scale CE deployment increases energy requirements for logistics,
collection and recycling operations, and if this energy is not supplied by renewable or low-carbon
sources, part of the emission reductions could be offset. In parallel, successful CE implementation may
stimulate higher demand for “green” products, which — if unmet by circular supply — could lead to
additional extraction of primary materials and rising upstream emissions. The net contribution of CE to
Carbon Neutrality thus depends on ensuring renewable energy integration and demand management.

Air Quality & Health

Circular Economy strategies have co-benefits for Air Quality and Health by reducing raw material
extraction, industrial emissions and waste generation. Improved waste management and cleaner
recycling technologies can lower acidification and toxicity impacts whilst reducing workers’ exposure to
hazardous or PFAS-containing substances. Yet, the expansion of recycling and remanufacturing
activities can also increase local pollutant emissions if fossil-based energy or outdated treatment
methods persist. Some recycling processes still rely on solvents and generate particulate emissions,
requiring proper mitigation. Furthermore, rising demand for materials — if not offset by circular supply
— could stimulate new extraction abroad, shifting environmental and health burdens to producing
regions. In this context, CE must be implemented alongside clean energy deployment and strict
environmental standards to ensure that its benefits are not offset by local or external pollution.

Economic Growth

Circular Economy development offers a major opportunity for sustainable Economic Growth. Assuming
about five million BEVs reach end-of-life by 2050, the recycling market for these vehicles alone could
exceed €50 billion annually within the EU [46]. This growth will drive investments in recycling
infrastructure, automation and digitalisation, creating thousands of high-skilled jobs and supporting
industrial innovation. However, the EU’s end-of-life vehicle (ELV) industry remains fragmented, with
over 13 000 authorised treatment facilities (ATFs) — mostly small regional operators — whereas
economic viability typically requires facilities processing more than 75 000 ELVs per year [47].
Consolidating this sector will demand significant financial and organisational restructuring, which could
temporarily displace low-skilled labour and slow down other sectors’ investments. In the medium term,
however, these efforts are expected to strengthen Europe’s overall industrial base and decouple growth
from material use.

Technology Leadership

The large-scale adoption of CE principles necessitates advanced technologies in automation, digital
tracking, analytics and logistics. This demand drives R&D, fostering European innovation and
consolidating the EU’s position as a leader in sustainable manufacturing and resource management.
Nevertheless, maintaining this advantage will require sustained public and private investment. As other
regions expand their own CE initiatives, global competition for talent and capital could intensify, posing
challenges to Europe’s long-term leadership. Ensuring technology diffusion across industries and
maintaining strong policy coordination will be key to transforming CE innovation into a lasting industrial
advantage.

The Air Quality & Health (AQ) objective benefits from the combined actions of other Generic
Objectives, especially those promoting decarbonisation, innovation and resource efficiency within the
2ZERO Partnership. Whilst synergies dominate, certain trade-offs and rebound effects remain to be
addressed to secure sustained air-quality improvements.

22



Interactions between GOs — Focus on Air Quality & Health
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Figure 7: Interactions between Generic Objectives — Focus on Air Quality and Health
Carbon Neutrality

SRIA-driven actions for Carbon Neutrality — notably the deployment of zero-emission vehicles such as
battery electric (BEVs) and fuel-cell electric vehicles (FCEVs) — deliver clear air-quality co-benefits.
Replacing internal combustion engines with electric drivetrains eliminates tailpipe emissions, directly
reducing greenhouse gases (GHGs) and key pollutants such as NOx and PM. On a Well-to-Wheel basis,
improved energy efficiency further decreases upstream emissions from fuel production and distribution,
strengthening the synergy between CN and AQ.

However, trade-offs persist. The heavier weight of BEVs increases non-exhaust PM from tyre and brake
wear, while upstream emissions from battery production or raw-material extraction can offset part of the
gains if not managed sustainably (COPERT/SIBYL-based assessments, LeMesurier D3.2 [48]). Still,
ongoing innovation in lightweight materials, regenerative braking and tyre design mitigates these effects.
Overall, CN measures remain a strong positive driver for AQ, with limited and manageable trade-offs.
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Technology Leadership

Advancing Technology Leadership in clean mobility strengthens AQ indirectly by accelerating the
transition away from internal combustion engines. European progress in electric-powertrain efficiency,
hydrogen systems and battery durability foster cleaner transport across the continent. Yet, a potential
risk arises if technological efforts focus too narrowly on CO, reduction while neglecting non-CO,
pollutants such as NOx, PM and volatile organic compounds (VOCs). Innovation should, therefore, adopt
a comprehensive approach to emissions throughout the full life cycle of vehicles. As long as air-quality
indicators are integrated into technology roadmaps, the overall impact of TL on AQ remains clearly
beneficial.

Economic Growth

Economic development across the EU has a dual relationship with Air Quality. On the one hand, it
enables greater investment in clean technologies and in the deployment of innovations supported by
the SRIA, fostering pollution reduction and public-health benefits. This follows the Environmental
Kuznets Curve (EKC) pattern observed in recent analyses [49], where emissions of PM,.5, PM;, and
CO; initially rise with GDP growth but decline as income and environmental awareness increase. On
the other hand, unbalanced growth may lead to increased vehicle ownership, longer travel distances
and higher energy demand, delaying improvements in air quality if policy and technological progress do
not keep pace. The net effect depends on how effectively economic expansion is channelled into low-
emission mobility and renewable energy deployment rather than additional consumption.

Circular Economy

Circular Economy strategies contribute positively to AQ by reducing resource extraction, industrial waste
and energy use, thereby limiting pollutant emissions along the vehicle life cycle. Empirical studies, such
as those by the Ellen MacArthur Foundation [50] and Kirchherr et al. [51], demonstrate that enhanced
recycling and reuse can significantly lower emissions by reducing demand for primary raw materials and
energy-intensive production processes. Yet, trade-offs arise when recycling and remanufacturing
operations depend on non-renewable energy or inefficient logistics, which can partly erode
environmental gains. Moreover, perceived “green” or guilt-free consumption of circular products may
encourage increased use, creating rebound effects that offset part of the AQ benefits. Ensuring that CE
implementation relies on renewable power, clean process standards and transparent material tracing is
essential to secure a net improvement in air-quality outcomes.

4.2 Cross-cutting Synthesis of Trade-Offs and Rebound Effects

The analysis of the six Generic Objectives in Section 3.1 shows that their relationships are not limited
to synergies. As the transition towards climate-neutral mobility unfolds, trade-offs and rebound effects
also play a significant role.

While trade-offs reflect structural tensions between objectives, rebound effects capture behavioural or
systemic responses that may partially offset expected benefits. This section provides a concise, cross-
cutting synthesis of both dimensions, highlighting key patterns that cut across Generic Objectives. It
does not repeat the detailed analyses presented in Section 3.1 but instead identifies recurring categories
that emerge when considering the objectives together.

4.2.1 Trade-Offs between Generic Objectives
Trade-offs arise when progress towards one objective creates tensions with another due to factors such

as resource constraints, cost implications, timing mismatches or competing priorities. Several recurring
categories have been identified across the Generic Objectives:
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Relevant

Trade-off Type Description Generic
Objectives
High investment costs for clean technologies can
Upfront cost versus . " ;
s temporarily reduce cost competitiveness in global CN, EC, EG
competitiveness
markets
Rapid innovation versus Advanced technologies or circular strategies can
. . TL, CE, EC
time-to-market delay deployment due to complexity
Economic growth versus Expanding production and mobility can undermine air
: . L o EG, AQ, CN
environmental goals quality and decarbonisation objectives
Circularity versus Recycled/modular designs may increase costs or
. CE, EC
performance or cost reduce performance in early phases

Table 1: Key Trade-offs Identified Between Generic Objectives

These categories are illustrated in detail within the Generic Objective-specific analyses (see Sections
3.1.1t0 3.1.6).

For example, cost—-competitiveness tensions appear in CN, EC and EG; timing and complexity
challenges are evident for TL and CE; and economic—environmental tensions are visible in the interplay
between EG, AQ and CN. Addressing these trade-offs requires policy alignment, sequenced transitions,
and strategic industrial planning.

Rebound effects occur when efficiency gains or cost reductions trigger behavioural or systemic changes
that partly offset the expected environmental or resource benefits. These effects are systemic rather
than sector-specific, and they were identified across almost all Generic Objectives.

Relevant
Rebound Type Description Generic
Objectives
Demand-induced Ingreased mobility or freight activity offsetting efficiency CN. EG, EC
gains
|Cost-induced "Lower prices leading to higher use or production volumes "EC, AQ |
Circular Economy Efficiency stimulating material and production growth CE
rebounds

Table 2: Key Rebound effects Identified Between Generic Objectives

These rebound mechanisms are discussed in the relevant Generic Objective subsections (see Sections
3.1.1, 3.1.3-3.1.6). For instance, increased travel demand may reduce net GHG gains from
electrification (CN, EG, EC); lower EV costs can lead to higher traffic and non-exhaust emissions (EC,
AQ); and circular efficiency gains can stimulate additional production (CE). Addressing rebounds
requires demand-side measures, pricing instruments and systemic policy integration to ensure that
technological progress translates into real-world environmental benefits.

These findings confirm the necessity of integrated policy frameworks to prevent systemic offsetting of
environmental gains.
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5. IMPACTS OF 2ZERO KPIS ON GENERIC
OBJECTIVE INTERACTIONS: INSIGHTS FROM
MODELLING

In this section the model-based evidence on interactions between the Generic Objectives, based on the
methodological analyses of the three main models used within the Partnership, is synthesized:

e COPERT-SIBYL (bottom-up emission and fleet modelling),

¢ PRIMES-TREMOVE (macro—energy—transport system modelling), and

¢ MOVEID (vehicle technology pathways and scenario analysis).

These modelling exercises complement the qualitative and bibliographic analyses presented in Section
3 by providing a systematic, model-based view of synergies, trade-offs and rebound effects between
Generic Objectives. The findings are summarized below by type of interaction and supported by
references to specific Generic Objectives pairs analysed in Section 3.1.

All three models reveal strong systemic synergies between Carbon Neutrality (CN), Air Quality (AQ),
Technology Leadership (TL), Economic Growth (EG), Competitiveness (EC) and Circular Economy
(CE), particularly under coordinated technology and policy scenarios:
e CN-AQ synergies are consistently highlighted:
o COPERT confirms that CO,-based taxation and EV incentives deliver co-benefits on
GHG and air pollutants.
o MOVEID and PRIMES show that electrification and clean-fuel deployment reduce both
CO, and tailpipe pollutants simultaneously (Section 3.1.1 and 3.1.6).
e CN-TL and CN-EC synergies emerge through multi-pathway innovation:
o PRIMES quantifies learning-by-doing and cost-declines across BEV/FCEV/e-fuel
pathways, reinforcing decarbonisation and EU technology leadership.
o MOVEID highlights hedging benefits between technology options for resilience and
export potential (Sections 3.1.2 and 3.1.3).
e CN-EG synergies are driven by integrated energy—transport planning:
o PRIMES and MOVEID show that decarbonisation investments reduce fossil import
dependence and stimulate GDP and employment.
o Energy efficiency gains and innovation spillovers contribute to growth (Section 3.1.4).
e Circular Economy (CE) is systematically linked with CN and EC objectives:
o MOVEID and PRIMES show that linking LCA-based decarbonisation with resource
efficiency improves industrial autonomy and reduces upstream impacts (Section 3.1.5).
Across the board, the models confirm the systemic alignment between decarbonisation, air quality
improvement, innovation leadership and competitiveness, as long as technology deployment and policy
are coordinated.

The models also quantify key tensions between Objectives that mirror the qualitative trade-offs
described in Section 3.2.1:
e Upfront cost vs. competitiveness:
o PRIMES and MOVEID show that rapid electrification requires substantial CAPEX in
infrastructure and grids. If pursued faster than global competitors, this may temporarily
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erode EU cost competitiveness (CN-EC, CN-EG trade-offs; see Sections 3.1.1, 3.1.3,
3.1.4).
e Pathway dependence:

o MOVEID and PRIMES show that over-reliance on net zero e-fuels can delay
electrification, increasing system costs and energy use (CN-TL and CN-EG trade-offs).

o Similarly, investment in costly carriers without parallel innovation can reduce
macroeconomic efficiency (TL-EG).

e Resource bottlenecks:

o PRIMES and MOVEID point to critical raw material constraints (Li, Ni, Co, Pt) that can
limit the scaling of low-carbon technologies (CN-TL—CE trade-offs; Section 3.1.5).

o Delayed recycling can increase import dependence (EC—CE trade-offs).

e Policy misalignment:

o A COPERT-based scenario analysis (ETC/ATNI 2019, Greece case) showed that the
dieselisation of the fleet reduced CO, but limited the achievable NOx reductions,
illustrating the potential trade-offs of CO,-oriented fiscal policies.

These model-based findings echo and reinforce the trade-off categories identified qualitatively in Section
3.2: upfront costs versus. competitiveness, timing vs innovation, economic expansion versus
environmental goals, and circularity versus performance.

5.3 Rebound effects captured in the models

While COPERT provides emission and activity data, only PRIMES and MOVEID explicitly capture
behavioural or material rebound mechanisms — such as demand-induced, efficiency-induced or
circular/material rebounds — that can undermine expected environmental gains.

e Demand-induced rebounds:

o PRIMES shows that lower operating costs for EVs, combined with subsidies, stimulate
additional travel and vehicle ownership, increasing Vehicle Kilometres Travelled (VKT)
and partially offsetting CO, reductions (CN-EG, AQ-EG).

e Efficiency-induced rebounds:

o PRIMES indicates that cost reductions via learning-by-doing lead to higher activity

levels and energy consumption unless coupled with demand management.
e Circular/material rebounds:

o MOVEID and PRIMES point to increased embodied emissions from early fleet renewal,
if recycling lags, and higher material throughput with larger EV fleets (CN-CE, EC-CE
interactions).

These mechanisms highlight the importance of coherent policy packages that combine technological
innovation with demand management and circularity measures.

5.4 MOVEID scenario analysis: illustrating systemic interactions

The MOVEID modelling work provides illustrative scenario narratives that show how these interactions
play out in different futures, consistent with the initial content of Section 4:

e In a Business as Usual (BAU) scenario, gradual policy and technology shifts lead to limited
synergies: high fossil dependence, slower emissions reduction and persistent rebound effects
from growing travel demand.

e In a Transformative High EV/Shared Mobility scenario, aggressive electrification and shared
mobility deployment produce strong synergies across CN, AQ, EG, EC and CE:

o Deep GHG and air pollutant cuts;

o Reduced vehicle stock and energy demand;

o Lower long-term system costs despite higher early CAPEX;

o Stronger alignment with NZIA and Green Deal objectives.
This scenario perspective complements the pairwise interaction evidence above by showing how
combinations of policies and technologies shape the overall interaction structure between Generic
Objectives.
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Finally, MOVEID analyses underline the strategic role of net zero e-fuels in decarbonising the legacy
fleet:

e Net-zero e-fuels can deliver short- to medium-term GHG reductions in sectors hard to electrify
rapidly, while supporting industrial transformation and innovation in new value chains (CN-TL—
EC-EG synergies);

e However, their conversion inefficiencies increase total system energy use and consumer costs,
creating potential trade-offs with EG and EC if over-relied upon (CN—-EG trade-offs);

e Integration with Circular Economy principles and renewable energy sources is essential to avoid
upstream rebounds, this integration of e-fuels with circular carbon sources (e.g., captured CO;)
further links the CN and CE objectives-

The three models provide a quantitative backbone to the qualitative analysis of Section 3. They confirm
the presence of strong systemic synergies, especially when technology, policy and circularity strategies
are coordinated. At the same time, they make explicit key trade-offs and rebound mechanisms that must
be managed to ensure that KPI improvements translate into real-world progress across all objectives.

These model-based insights form a crucial bridge between the interaction analysis (Section 3) and the
policy recommendations (Section 5), showing how different strategies — BAU versus Transformative,
technology pathways or circularity integration — shape the systemic alignment or misalignment of the
2ZERO Objectives.

6. CONCLUSIONS AND RECOMMENDATIONS

The transition towards climate-neutral road transport in Europe is a systemic transformation involving
profound technological, economic and societal changes. The analyses presented in this deliverable —
combining expert mapping (Section 3), model-based assessments (Section 4) and strategic
considerations — highlight three overarching messages:

e Strong synergies exist between objectives when pursued coherently.

Electrification, clean fuels and circular design can simultaneously reduce greenhouse gas
emissions, improve air quality, strengthen European competitiveness and foster economic
growth. Innovation and technology leadership act as accelerators of these co-benefits when
supported by stable, aligned policy frameworks.

e Trade-offs are inevitable but can be managed strategically.
Upfront investment costs, raw material constraints, technology pathway choices and policy
misalignments can generate tensions between environmental, industrial and economic
objectives. Anticipating and addressing these trade-offs through coherent policies, sequencing
and targeted support is essential to avoid lock-ins and competitiveness losses.

e Rebound effects can offset expected gains if left unaddressed.
Demand-induced and efficiency rebounds appear clearly across all three models and in the

qualitative evidence. Managing these requires demand-side measures, integrated planning,
and systemic monitoring frameworks.
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6.1 Strategic challenges: materials, competitiveness and policy
alignment

A successful transition hinges on securing and sustainably managing critical raw materials, such as
lithium, cobalt and rare earths, on which Europe remains heavily dependent. These materials are central
to electric mobility and clean technologies, but current supply chains are concentrated outside Europe.
This creates vulnerabilities for value chains and labour markets, especially in countries with large
automotive industries.

The EU has started addressing these bottlenecks through the Green Deal, Net-Zero Industry Act,
Battery Regulation, and the Critical Raw Materials Act, aiming to build strategic autonomy by 2030.
Circular Economy measures — including lifecycle carbon reporting, recycling targets and recycled
content obligations — are central to this effort. 2ZERO projects are already embedding eco-design,
modularity and recovery strategies to reduce material footprints and close loops.

At the same time, the transition is taking place in a context of intense global competition, notably from
China and the United States. European manufacturers face cost, speed and supply-chain
disadvantages, with declining domestic market shares in EVs. Aligning environmental ambitions with
competitiveness requires coherent industrial policy, innovation acceleration and workforce
transformation, rather than treating climate policy as separate from economic strategy.

These challenges and priorities are echoed in the 2025 EU’s Automotive Action Plan [52], which calls
for a coordinated industrial strategy to reinforce Europe’s competitiveness in zero-emission mobility,
secure resilient supply chains, accelerate innovation, and support workforce transformation. The plan
emphasises that climate and industrial policy must advance together, with targeted measures to reduce
dependencies on critical raw materials, scale up European battery manufacturing, and strengthen the
resilience of the automotive ecosystem.

6.2 The role of the 2ZERO Partnership

The 2ZERO Partnership plays a pivotal integrative role in this context. It channels R&l investments
across six complementary pillars:
e Industrial modernisation and value chain deepening, including batteries, components and digital
platforms;
e Labour market transformation and skills development, fostering new competences in
electrification, digital mobility and circularity;
e Business model innovation and service growth, supporting MaaS and smart charging;
e Macroeconomic resilience and strategic autonomy, by strengthening domestic manufacturing;
¢ Innovation, productivity and competitiveness, accelerating technology deployment and reducing
time-to-market;
e Circular economy and resource efficiency, embedding lifecycle thinking and material recovery
in R&I.

Through this cross-cutting approach, 2ZERO can ensure that progress on specific KPIs (e.g. GHG
reductions) is not undermined by trade-offs or rebounds in other domains but rather contributes to a
coherent systemic transition.

6.3 Policy implications and way forward

The evidence gathered in this deliverable points to several key directions for policy and strategy:
e Strengthen cross-objective monitoring to capture synergies, trade-offs and rebounds between
Generic Objectives, not just individual KPI trajectories.
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e Ensure policy coherence between climate, Air Quality, industrial, fiscal and Circular Economy
frameworks to avoid unintended effects such as upstream pollution shifts.

e Adopt multi-pathway strategies (BEVs, FCEVs, sustainable net-zero e-fuels) while avoiding
premature lock-in and managing material bottlenecks.

e Sequence transitions strategically, combining short-term decarbonisation measures (e.g. net-
zero e-fuels for existing fleet) with long-term systemic changes (shared mobility, electrification,
circularity).

e Use scenario modelling systematically (COPERT-SIBYL, PRIMES-TREMOVE and MOVEID)
to stress-test policy packages and anticipate interactions.

e Manage social and regional impacts proactively, ensuring a just transition through retraining,
investment and social support.

The transition to sustainable mobility is not a zero-sum game between environmental ambition and
economic performance. When strategically managed, it can generate long-term cost savings, industrial
renewal, innovation leadership and improved well-being. The role 2ZERO can play is to help orchestrate
this alignment, bridging R&I, policy and industry.
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